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AGRICULTURAL CROPS IN SOUTH STEPPE CONDITIONS

Abstract. During 2011-2013 years in a stationary field experiment on southern chornozem of
Askaniya State Agricultural Experimental Station (Institute of irrigated agriculture of the National
Academy of Agrarian Sciences of Ukraine (the Kahovka regions of Kherson Oblast) a comparative
analysis of changes in the energy capacity of the soil in relation to anthropogenic energy costs of
different technologies growing crops was made.

Calculations on four fields, each of which is treated by the three different technologies or soil
processing: a) traditional (with turning of layer of the soil on crops of peas and sorghum and
processing without soil layer turn in versions with mustard and wheat’s), b) minimum processing of
the soil (surface tillage or «mini-till») and no-till (or so-called «direct sowing») were carried out.

A research was conducted in four field crop rotation: winter (spring-sown) wheat, sorghum,
mustard.

There was a positive energy balance for all technologies growing crops (when it was saved up
by the energy soil more than it is lost) on fields Ne 1 and Ne 3, and negative on fields Ne 2 and Ne 4. In
the case of a positive balance, the amount of stored energy in the soil under different technologies
varies 6,5—18,9 GJ/ha. By negative balance energy losses are ground 21,7-37,2 GJ/ha.

The use of no-till technology reduces soil energy capacity in comparison by traditional soil
processing on 3,36 GJ, which is associated with a significant reduction in crop yields and reduction of
organic matter coming from plant remains it was established. The coefficient of energy efficiency
technologies (ratio of energy capacity crop to the total harvest human energy is spent in agricultural
landscapes in growing each crops) for all years of observation has a positive value (field Ne 1 and
Ne 3), and negative (field Ne 2 and Ne 4). In the first case, its value is 0,13-0,51, the second —0,69—
0,44. The highest rate was observed in the traditional technology growing crops, the lowest — for no-
tiil technology.

The total change in the energy capacity of the soil under the different agricultural technologies
for all years of observations shows that the least environmental and energy efficiency in all cultures
showed no-till. Based on the above data, it can be argued that the properties of no-till technology
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which declared (reducing losses from soil erosion, improve physical and chemical properties of the
soil, etc.) do not provide any benefits to which the energy balance of the soil, and, moreover,
adversely affecting its energy potential.

Direct seeding also has a lower environmental and energy efficiency compared to conventional
and minimum tillage technology. All this is due to a decrease in productivity, leading to a decrease in
soil joining the main source of energy soil — plant residues.

Between ecology-energy and energy valuation of technologies growing crops on all versions of
research there is a direct correlation — the higher the energy efficiency of technologies growing crops
the better its ecology-energy indicators, due to the size of the annual energy investments, which are
proportional values of vegetable remains. In turn vegetable remains depend on crop yields and energy
density of anthropogenic origin.

Keywords: soil, tillage, no-till, ecology-energy efficiency.
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3KOJOIr0-3HEPTETUYECKASA 3®®EKTUBHOCTb TEXHONOIMUMN
BbIPALUMBAHUSA CENIbCKOXO3ANCTBEHHbIX KYNIbTYP
B YCNIOBUSAX KOXXHOW CTEMU

B craTbe mpuBeneHBI pe3yNbTaThl CPABHUTEIBHOIO aHAJIM3a M3MEHEHHS SHEPruy ITOYBHI IO
OTHOILCHUIO K SHEPreTHYECKHM aHTPOIIOTCHHBIM 3aTpaTaM IIPH Pa3HBIX TEXHOJIOTHSAX BHIPAIIMBAHUS
CENIbCKOXO3AHUCTBEHHBIX KylnbTyp B TeueHmu 2011-2013 rr. OmnpeneneHo, 4YTO HCIOJIB30BaHUE
TEXHOJIOTMHU no-till yMeHbIIaeT 3HEPreTHYeCKHil MOTEHLHAN MOYBbI OTHOCUTENIBHO TPaJAULHOHHOH
06paboTku Ha 3,36 I'[Ix. Taxke TexHOIOTHS nO-till MPUBOIUT K CHIKEHUIO KO PHUIUECHTA KOIOTO-
sHeprerrndeckoit sddexruBHOoCcTH HA 10-30 %. Mexmy SKOIOro-sHepreTHIecKol U SHEPreTHIECKOH
3¢ PEKTHBHOCTHIO TEXHOJIOTHH BHIPALIMBAHUS CEIILCKOXO3SHCTBEHHBIX KYJIBTYp IO BCEM BapHaHTaM
HCCIEZIOBAaHUH CYIIECTBYeT IpsMasi 3aBUCHMOCTh — 4YeM BBIIIE JHepreTHdeckas 3PQeKTHBHOCTH
TEXHOJIOTMU BBIPALMBAHUS ONPEACICHHOW KYJIBTYphI, TEM Jydlle €€ OJKOJOro-dHepreTH4ecKue
HOKa3aTelIH.

Knrouesnie cnosa: nousa, mexnonoeus obpabomxu, no-till, snepeemuuecxas s¢pgpexmugrnocme.
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EKONOro-EHEPITETUYHA E®EKTUBHICTb TEXHONOIA BUPOLLYBAHHSA
CINIbCbKOIroCrnoaAPCbKMX KYJNIbTYP B YMOBAX MNMIBOEHHOIO CTENY

B crarTi HaBeeHO pe3yIbTAaTH NOPIBHSUIBHOTO aHANI3y 3MiHH €HEpTil IPYHTY IO BiIHOIICHHIO
IO CHEPreTUYHHWX AHTPONOT€HHMX BHUTPAaT 3a PI3HUX AarpoTEXHOJIOTil  BUPOIIyBaHHS
CLIBCHKOTOCTIONAPCHKUX  KyIbTyp BrpogoBxk 2011-2013 pp. BcraHoBiICHO, 10 BUKOPHCTaHHS
TexHoJIorii no-till 3MeHITye eHepreTHYHUI NOTEHIIal IPYHTY BiJHOCHO TpaIuLiiiHOro o0poOiTKy Ha
3,36 I'Ix. Takox TexHousoris no-till mpu3BOAUTH 10 3HMKEHHST KOSDIl[iEHTY EKOIOro-eHepreTUuIHOT
edextuBHocti Ha 10-30 %. Mik €KOJIOro-eHEpreTHYHOI0 Ta EHEePreTH4HOI0 e(EeKTHBHICTIO
TEXHOJIOT1H BHPOIIYBAaHHS CLTbCHKOTOCTIOAAPCHKUX KYJBTYp 3a BCiMa BapiaHTaMHu JOCIHIKEHb iCHY€
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npsiMa 3aleXKHICTh — YMM BHIA CHEpreTH4YHa e(EeKTHBHICTb TEXHOJOTI] BHPOLIYBaHHS IIE€BHOI
KyJIBTYpH THM Kpallli I €KOJIOro-eHepreTH4Hi MOKa3HUKH.
Kniouosi cnosa: rpynm, mexnonozis 0bpodimky, no-till, enepecemuuna epexkmugnicme.

BCTYN

Enepris, sk BiZIOMO, € CIOPOMOXHICTIO BHKOHYyBaTH po00oTy. B mpupogHOMy
cTernmoBoMYy JIaHAMA(TI pyHIAMEHTAIbHE 3HAUCHHS Ma€ TOW (PAKT, M0 KITbKICTh CIOXKHTOT
eHepril 3aBxau MeHIa abo JOpIBHIOE KUILKOCTI €Heprii, sika BXOJUTh 330BHI. ToOTO, mpu
(YHKIIIOHYBaHHI IPUPOTHUX JIaHIA]TIB iCHY€E NOAATKOBUIT 200 HyJILOBHI CHEPreTHYHHN
6axanc. CTBOpEHHs INTYYHHX arpojaHamadTiB MPU3BOIUTH 10 MOBHOI TpaHchopmarii
BXITHUX 1 BUXITHUX ii CKIIaIOBUX. ArponaHamadTy, siK IpaBUIIo, MpUTaAMaHHUH Bix €eMHHAN
OamaHc TpUPOAHOI SHEpTii, IO MOB’s3aHO 3 BIUIYYCHHSIM YaCTHHH CHEPTil 3 BpPOXKaEM, a
TOMY Ui OINBII-MEHIN YCIIIHOTO ICHYBaHHA WX CHCTeM HEOOXimHI JOIaTKOBI
eneprernydi iHBectuii (Chornyy, 2004).

EdexTuBHICTP TaKMX 1HBECTHIIH BH3HAYAETHCS BiAHOUICHHAM EHEPril OTPUMaHOTO
BPOXAI0 10 MPUBHECEHOI eHEePril aHTPOMIOTEHHOTO MOXOKEHHS (Koe(illieHT eHepreTHIHOT
epextuBHOCTI — K). B TOl ke wac, mpM TakMX pO3paxyHKax HE BpaxOBYETbCS
€KOJIOTIYHHMH,  30KpeMa, TIPYHTO-OXOPOHHHH  e(eKT TEeXHOJOrid  BUPOLIYBaHHS
CUIBCHKOTOCTIOIAPCHKUX KYJIBTYp. A TOMY, Ha Halll IOMJISAA, LEH MOKa3HUK IOBHUHEH
JIOTIOBHIOBATHCSl III€é OJHHMM IapaMeTpoM — KOE(]Iili€HTOM eKOJIOrO-eHepreTHYHOT
e(pexTHBHOCTI (Keee), 1110 € BiIHOLIEHHSIM 3MIHM €HEPreTHYHOI €MHOCTI IPYHTY 3a IIEBHHUN
yac 710 aHTPOIIOTeHHUX SHePreTHYHUX BUTPAT 3a 11eH ke nepiox (Chornyy, 2004). 3aBasku
TaKOMy MOKa3HUKY MOXXHA BH3HAYMTH HANpaBJICHICTh €KOJIOTO-€HEPreTHIHMX MPOIECIB B
arposlaHmadTi, BUXOASYM 3 TE3H, IO 3MIHM CTaHy IPYHTY € TOJOBHHUM ITOKa3HHKOM
«EKOJIOTIYHOCTI» TEXHOJOTIH.

OB’EKTU TA METOAU AOCHIAXEHDb

JlochiKeHHT TIPOBOJIIINCS Ha YOpHO3eMax MiBACHHUX ACKaHIHCHKOI Aep:kaBHOI
CLTBCBKOTOCTIONAPCHhKOi  gocmigHoi craHmii [HCTUTYTy 3pomryBaHOro 3emiiepobcTBa
Hamionansnoi akanmemii arpapamx Hayk Ykpainm (c. TaBpmuanka, KaxoBcekoro p-my,
XepcoHCHKOi 00I1.) B paMKax CTaI[iOHAPHOTO MOJIBEOBOTO JIOCTITY.

Po3paxyHKkH NpOBOAMIIMCS Ha YOTHPHOX IOJSIX, KOXHE 3 SIKMX 00poOisutocs 3a
TPbOMa PI3HUMH TEXHOJIOTISIMH: TPAIUIIHHOIO (3 00epTaHHSAM CKHOM Ha MOCiBaX ropoxy Ta
copro abo Oe3mosmieBuil y BapiaHTax 3 TIPYMLEIO Ta IUIEHUISIMH), MiHIMaIbHOIO
(nmoBepxHeBui 00pob6iTOK IpyHTY ab0 mini-till) Ta no-till (abo Tak 3BaHa «mpsima ciBbay).
CiBo3MiHa YOTHPHITIIIBHA: TOPOX — 03MMa (SIpa) MIIEHUIS — COPro — TipyHIs.

Ipu 3acrocyBanHi TexHojorii No-till He mependagamocs MeXaHIYHOTO MOPYIICHHS
CTPYKTYpH TPYHTY OKpiM ciBOH, sika mpoBommiack ciBamkoro Great Plains CPH 2000, 3
MixkpsaamaMu 19 cM Ha mociBax 03UMOI MIIICHHUITI, TOPOXY, 38 CM MpH BHPOITYBaHHI COPTO.
lNpunmg x BuciBayacs ciBamkoro mpsaMoro BuCiBy «KieH 6» 3 Mixpsagmam 12,5 cm. YV
BapiaHTi 3 MIHIMAJPHUM OOpPOOITKOM TIPYHTY Ha JOCTIIHUX IUISTHKaX IPOBOJMIOCS
JMYIICHHS CTEpHI NOMepeaHnKa Ha TaubuHy 6-8 cm. IloBTOpHICTH mochmimy TpuKpaTHa,
po3mipu finaHOK — 840 M.

3MiHa eHepreTuyHoi eMHOCTI IpyHTY (AEr) Bu3Havanacs 3a piBHsiHHsIM (Chornyy, 2004):

AEr =br - E, (D

ne br — b6ananc rymycy, kr/ra, E — eneproemuicts rymycy, JLk/kr. bananc rymycy,
Bu3HauaeThes sk (Balyuk et al., 2011):

br=Tpo—T'm— Tk, 2

ne: ['pp — mopiuHuil npuxig ryMycy 3 pOCIMHHHMHU PEIITKaMu T/Ta, [y — mopiuaa
MiHepai3amis rymycy, ['g — mopivyHi BTpaTH TyMycCy 3 BITPOBOIO €pO3i€r0.
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I[lpu BusHaueHHi KoedimieHTy ekonoro-eHepreTndHoi ePeKTHBHOCTI  (Keee)
KepyBajucs HacTynHow (opmyioto (Chornyy, 2004)

Keee = AET/EEAa (3)

ne AEr — wmiopiunumit eHeprernunuii Oananc rpynry Jx/ra, LE, — cymapHa
AHTPOIIOTeHHA EHEepris, sKa BUTpayeHa B arpojiaHqadTi NpuU BUPOIILYBaHHI IMEBHOI
KynbTypH, JDk/ra. OcTaHHIM IOKa3HHWK, B CBOIO 4Yepry, BU3HA4YaBCS 3a JIOIIOMOIOIO
HactynHoro piBasHH (Tarariko et al., 2005; Tarariko, 2007):
YEp=Epmm +En+Eg+Eus +Eq, “4)
ne: Ejn — eneprermuni Butpatu moacbkoi mpani, JDx/ra, Ep — eHeproemHicTh
naneHOTO, JIX/ra, Ep — eHeproemuicts enekrpoeHeprii, /x/ra, Eyg — eHepreTmunuii
€KBIBaJICHT HEMpsMHUX BUTpaT, J[x/ra, Egr — €HEpProeMHICTH CITBCHKOTOCIIONAPCHKOT
TexHiku, J[x/ra.

KoedimieHT enepreTnuHol epeKTHBHOCTI TEXHOJIOTII, SIK BiIOMO, PO3PaxOBY€EThCS 32
¢dopmyioro (Tarariko et al., 2005; Tarariko, 2007):

Kee = Ey/ ZEAa (5)

ne Ey — eneprernuna emuicte Bpoxaro, JDx/ra, XE, — cymapHa aHTpoIoreHHa
eHepris, sika BUTpaueHa B arpojianmadTi py BUPOLIYBaHHI IEBHOI KyIbTypH, J[x/ra.

PE3YNbTATU TA IX OBrOBOPEHHHA

TproxpiuHi aHi 111010 BIUIMBY TEXHOJIOTi 00pOOITKY IPyHTY Ha HOTO €HepreTHYHHUN
MOTeHLiaN noAaHi B Tadbnuui 1. 3rilHO OTpUMaHUX PE3yJbTaTiB, MOXKHA CIOCTEPIraTu siK
MO3UTHBHUM eHepreTHYHHi OanaHc (mepeBary HakONMYeHOI eHeprii rpyHToM Hax ii
BTpaTamMu) Ha noii Ne 1 Ta Ne 3, Tak i HeraruBHMH Ha moisx Ne 2 ta Ne 4 3a BCix
TEXHOJIOTit 00poOiTKy. Y BHIMAAKY 3 TMO3UTUBHUM OaJaHCOM, KUTBKICTh HaKOMHYEHOI
eHeprii B TIPYHTI 3a pI3HHX TEXHOJIOTiH KonmBaeThca B Mexax 6,5-18,9 I'lx/ra. 3a
HETaTUBHOTO OaJlaHCy BTpPATH CHEprii IpyHTOM cTaHOBATh 21,7-37,2 T'Jlx/ra. [lpucytHs
TEH/ICHIIS 1010 3HIKCHHS CHEPTOEMHOCTI IPYHTY NPH BHKOPHUCTaHHI TEXHOJIOTII MPsMOi
CiBOM, IO TOB’S3aHO i3 CYTTEBHM 3HIDKCHHSM YPOXKAWHOCTI CLIBCHKOTOCIIONAPCHKUX
KyIbTyp, 4, 3HAYWTh, 1 3MCHIICHHS IPUXOJLy OPTaHiuYHOI PEUOBMHH, IO MPU3BOJAE 1O
Jierpajianii eHepreTHYHOro MOTeHIialy IPYHTY.

[Toka3HUK eKOJOro-eHepreT4Hoi e(pEeKTUBHOCTI TEXHOJIOTIH TPEJCTaBICHO B
tabnuui 2. B 3anexxHOCTI Bij moiist Koe(ilieHT ekosioro-eHepreTudHoi eeKkTHBHOCTI (Kee.)
3a BCl POKM CIOCTEpEXEHb Ma€ SIK IO3UTHMBHE 3HaudeHHs (moms Ne 1 ta Ne 3), rtak i
HeraTtuBHe (moist Ne 2 ta Ne 4). SIk 1 y BapiaHTax i3 3MiHOIO €HEPreTUYHOI EMHOCTI I'PYHTY
IIpY BHPOILYBaHHI TOpOXy, Tipuumi Ta copro B 2012 pomi crocTepiraerbcsi HeraTMBHA
TEH/JCHIIiS, a MPU BUPOIIYBaHHI O3MMOi Ta SPOBOi IIIEHWII Ta COPro IMO3WTHUBHA. Y
BapiaaTax 3 momsiMu Ne 1 Tta No 3 KoeQiIlieHT eKOJOro-eHepreTHYHOi e(eKTHBHOCTI
cranoBuB 0,13-0,51, y nmpyromy Bumanky BiH OyB Ha piBHi —0,69-0,44. Haiiummit
MOKAa3HWK BiJA3HAYABCS HA BapiaHTax 3 TPaAWIiiHUM OOpOOITKOM, HAWHIKYIMHA — 3a
TeXHOJIOTi€r0 no-till.

CymapHa 3MiHa C€HEPreTHYHOI €MHOCTI IPYHTYy TIpH 3aCTOCYBaHHI pI3HHX
arpoTeXHOJIOTIH 3a BCI POKHM CIIOCTEPEKEHb CBINUUTh, IO HAaWMEHIIy EKOJOro-
eHepreTu4Hy eQeKTUBHICTh Ha BCIX KyJbTypax mHokazaB no-till. Tak, 3anexxHo Bix mods,
MOPIBHSHO 3 TEXHOJIOTIEO MPSIMOi CiBOM, KOE(DIIIIEHT €KOJIOrO-eHepreTHYHOT epeKTUBHOCTI
(Keee) 32 MiHIManBHOTO 00p0OOiTKY OyB BHmmii Ha 0-0,16, a 3a TpaxuniliHoro — Ha 0,05—
0,14. Ha ocHOBi BuIe3a3HAYEHUX MJaHMX, MOXXHAa CTBEp/KYBaTH, IO BJIACTHBOCTI
TeXHOJIOTIT no-till, sKi AekmapyroThes (3HIDKEHHSI BTpPAT IPYHTY Bil epo3ii, MOKpaIIeHHs
¢i3MYHUX Ta XIMIYHHX BIIACTHBOCTEH TIPYHTY TOMIO) HE IAIOTh JKOMHHUX IIepeBar st
eHepreTnyHoro OanaHcy IpPYyHTY, 1, OUIBII TOro, HEraTMBHO BIUIMBAIOTH HA HOTO
eHepronoTeHmiaid. TakoX TEXHOJOTiS mHpsAMoi ciBOM Mae€ HIKYY EKOJIOTO-€HEpreTHYHY
e(eKTUBHICT y MOPIBHAHHI 3 TPaJULIAHOI Ta MIHIMAJIBHOI TEXHOJIOTiE€ 00pOOKU
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IpyHTYy. Bce 1e moB’s3aHO i3 3HMIKCHHSM BPOXKAHHOCTI, IO MPHU3BENO A0 3MCHIICHHS
HPUXOAY B IPYHT OCHOBHOTO JUKEpeJia IPYHTOBOT €Heprii — pOCIIMHHHUX PEIITOK.

BaxmuBuM MoMeHTOM € TOH (akT, [0 MDK EKOJOrO-eHEepreTHYHOI Ta
E€HEPreTUYHOI0 e()EKTUBHICTIO TEXHOJIOT1H BUPOIIYBaHHS ClUTLCBKOTOCIIONAPCHKUX KYJIBTYD
iCHye TpsMa 3aleKHICTh — YHMM BHIIA €HepreTHYHa e(eKTHBHICTb TEXHOJIOTil
BUPOIYBaHHS MIEBHOI KyJIbTYpH, THM Kpallli 11 €KOJIOr0-eHEPreTUYHI TIOKa3HUKHU (PUCYHOK).

3asieskHicTh Mik KoedinieHTamu enepreTuynoi edexruHocti (K..)
Ta eK0JI0ro-eKoHoMiuHoi eekTUBHOCTI(K o) TEXHOIOTIN BUPOLIYBAHHS
CiTBCHKOTOCIIOAPCHKUX KYJILTYP

[TprnyomMy Taka 3aJI€KHICTh CIIOCTEPIraeThCs 3a BCiMa BapiaHTaMH JIOCIIDKEHb, 1110 [TOKa3ye
Ha MIEBHUH yHiBepcami3Mm i€l Te3u. O4eBUIHO, IO MPHYUHOIO HEOTO ()EHOMEHY € BCE TOM
Ke (haKTop ypOXKaWHOCTI CUIbCBKOTOCHOAAPCHKUX KyiIbTyp. UMM Oinmblna ypokaiHiCTb,
THUM OUTBIIMIA NPHXiJ OPraHivHOl PEYOBHHH B IPYHT, IO MOKpamlye il eHepreTHYHUI
NOTEHIIAN, a, OT)KEe, NPU3BOAUTE JI0 3pOCTaHHA BeMHMYMHH K., SKa PO3paxOBYeTHCS 3a
dopmymoro (3). OmHOYACHO BHCOKA YPOXKAMHICTH CUTBCHKOTOCHOJAPCHKUX KYIBTYP
30inblnye BenmuuuHy K., sika, sk BuaHO 3 dopmynu (5), 3anexuTh Bifi €HEPreTHIHOT
€MHOCTI BpOKaro.

BUCHOBKM

1. CnocrepiraeTbcsi SK NO3WTHBHA, TaK i HETaTHBHA 3MiHa EHEPreTHYHOI €MHOCTI
IPYHTY 3a BCIX TEXHOJIOTiH 00pOOITKY. Y BHUIA/IKY 3 TIO3UTUBHOIO 3MiHOIO IPYHTOBOI €Heprii
KUIBKICTh HAaKONMMYEHOI eHeprii B IPyHTI KOJNMBAEThCs B Mexax 6,5-18,9 I'Jlx/ra. 3a
HEraTHBHOI 3MiHH IPYHTOBOI €HEpTil BTpaTH eHeprii rpyHToM cTaHoBisTh 21,7-37,2 I'Jx/ra.

2. CymapHa OlLliHKa 3MiHM €HEPreTHYHOI €EMHOCTI IPYHTY IIPH 3aCTOCYBaHHI Pi3HHX
arpoTEeXHOJIOTIH 3a BCI POKHM CIIOCTEPEKEHb CBIUUTH, LI0 HAWMEHIIy EKOJOro-
eHepreTn4Hy e()eKTHBHICTh Ha BCIX KYJIbTYpax IoKa3ajia TeXHoJIoTis no-till, 1o moB’s3aHo
13 CYTTEBUM 3HIDKEHHAM YPO)KaHOCTI TIPH BIIPOBA/KCHHI IIi€1 TEXHOJOT] Ta 3MEHIICHHIM
MIPUXOY POCIMHHUX PELITOK y IPYHT.

3. Mix eKOJOro-eHepreTHYHOI Ta EHEPreTUYHOI e(EeKTHUBHICTIO TEXHOJOTIH
BUPOIIYBAaHHS CUIBCBKOTOCIIONAPCHKUX KyJIbTYp 3a BCIMa BapiaHTaMH IOCTIDKEHb iCHY€E
npsiMa 3aJeXKHICTh — UMM BHUIIA CHEPreTHYHa e(QeKTHBHICTh TEXHOJOTI] BHpPOLIyBaHHS
MEBHOI KyJIBTYPH, THM KpaIlli i €K0JI0ro-eHepreTHIHI MOKa3HUKH.

54 ISSN 1684-9094. Gruntoznavstvo. 2014. Vol. 15, no. 3—4



CMUCOK NITEPATYPU

Balyuk, S. A., Grekov, V. O., Lisovyy, M. V.,
Komarista, A. V., 2011. Rozrahunok balansu
humusu I pozhyvnykh rechovyn u zemlerobstvi
Ukrainy na riznykh rivniakh upravlinnia [The
Calculation of humus and nutrients balance in
farming Ukraine at various levels]. Miska
drukarnya, Kharkiv (in Ukrainian).

Tarariko, J. O., Gorodnii, M. N., Ser-
duk, A. H., Kalensky, V. P., Makarenko, V. M.,
Rozstalnyy, V. E., Mazurkiewicz, L. L,
Yarygin, N. Y., 2005. Bioenerhetychna otsinka
system udobrennia i agrotexnolohii [Bioenergy
assessment of fertilizer and agricultural

Cmamms naditiwna 6 peoaxyiro: 19.06.2014

technologies]. National Agrarian University,
Kiyv (in Ukrainian).

Tararyko, Y. A. 2007. Formirovanie ustoichi-
vykh agroekosistem [The Formation of sustai-
nable agroecosystems]. DYA, Kiyv (in Russian).

Chornyy, S. G., 2004. Velychyna
antropohennoi enerhii yak kryterii intensyvnosti
tekhnolohichnoho navantazhennia na
ahrolandshafty Stepu Ukrainy [The value of
human energy as a criterion for the intensity of
technological load on agricultural landscapes
Steppe of Ukraine]. Ukrainian Black Sea region
agrarian science. 4(28), 147-154 (in Ukrainian).

Pexomendye do opyky: 0-p bioxr. nayk, npog. B. I. [lapnan

ISSN 1684-9094. Gruntoznavstvo. 2014. Vol. 15, no. 3—4 55



